Introduction
Oil and gas has been found in clastic reservoirs of Eocene, Palaeocene, Cretaceous and Jurassic age and in fractured basement of Devonian/Carboniferous age in the West of Shetland area. The majority of discoveries have been in Palaeocene age reservoirs. Except for the Foinaven/Schiehallion and Clair field areas the density of drilling is sparse and significant exploration success has been limited, a notable exception being the Laggan field discovery. Apart from the basement ridge complex which contains the Clair and Victory fields the prospectivity in the Tertiary is in a westerly dipping monoclinal sequence which shows little structure.
Successful prospects tend to be in combination structural/stratigraphic plays which rely on pinch-out or facies changes up dip to the east as seen at Laggan. Most of the wells targeting Tertiary prospects were drilled on amplitude or AVO anomalies. Roughly three quarters of these wells failed to find hydrocarbons.
Analysis of West of Shetland drilling results has been discussed in various papers by . Loizou attributes these failures to be the result of poorly understood amplitude anomalies due to lithology, AVO artifacts and spurious DHIs rather than hydrocarbons.
Method
A rock physics analysis of 35 wells in the WOS was performed on a well by well and subsequently regional basis. The analysis identifies the possibility for additional mechanisms which may help to explain the amplitudes encountered during seismic interpretation in terms of not only rock and fluid properties, but of these properties within the context of complex burial and uplift histories and changing pressure regimes. The study utilises geological reports, digital well logs, pressure data, core data, biostratigraphy, AFTA analysis and temperature data along with rock physics techniques to enhance our understanding of the WOS petroleum system.
Data Analysis and Interpretation
Regional temperature data show a mean of 70 degrees C at 2km below mudline (bml) and 100 degrees C at 2.5km bml, similar to parts of the North Sea. Temperature related diagenetic processes are therefore likely (Avseth, 2008) to take effect below these depths (e.g. smectite-illite transformation, quartz cementation etc). Biostratigraphic data has been utilised across all 35 wells to define a detailed stratigraphic framework for interpretation of the geological and geophysical data across the basin allowing us to be confident that we are comparing like with like when studying rock property variations from one well to another. The data show normal (mechanical) compaction down to 2-2.5 km bml but deviate from this below these depths, suggesting that chemical compaction is occurring below 2.5km bml.
The compaction trends observed are complicated by basin uplift history, with significant differential uplift occurring across the basin. AFTA, Vitrinite reflectance and most crucially sonic data have been studied and used to infer amounts of uplift at different well locations. The analysis of uplift shows strong correlation with deeper structures with uplift estimates of several hundred metres around the Judd basin, a known inversion feature, but also around the Flett High. For depth trend analysis of rock property data it is critical that uplift effects are removed or accounted for, therefore, the data were 'corrected' to estimated maximum burial. A porosity depth trend based on a published mathematical function has been fit to the sandstone data. The model describes the compaction trend well to depths of 2.5km. th EAGE Conference & Exhibition incorporating SPE EUROPEC 2012
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Sands with preserved porosity are present at depths of 2.7-3.5 km bml. The porosities of these sands are comparable to sands with approximately 1.5km bml less burial (Figure 1 ). Published data suggests that porosity preservation is due to chlorite clay coating of the Qz grains (Sullivan et al. 1999 ) which has retarded development of Qz cement. Analysis of regional pressure data suggests that the majority of the Vaila sands are normally pressured; however there are numerous sands which are overpressured, being approximately 300-600psi above a regionally defined fresh water gradient of c. 0.43-0.44 psi/ft. This implies that many of the sands are laterally drained, but also that some sands are disconnected possibly isolated bodies or alternatively that fault compartments may be creating some form of pressure seal in some locations.
Interestingly, there appears to be strong correlation between sands with preserved porosity and overpressure development. Over pressure is therefore a likely alternative or additional mechanism in the preservation of porosity in these sands. This raises the question -Is porosity preservation in all of these sands due to chlorite clay coating, or is it due to over pressure development -is it cause, or effect? Or is it just coincidence? To answer this question further detailed analysis of pressure data and core / XRD for all sandstones with preserved porosities is required.
For the clastic system of the Vaila formation (T36-T10), we consider three main classes of lithology which have undergone differing burial / diagenetic histories. The shales of the Vaila formation, which are likely smectite rich, compact normally to a depth of c. 2-2.5 km bml. Beyond this depth chemical diagenesis occurs resulting in an increase in velocity of the shale formations possibly related to smectite to illite transformation. The normally compacted sandstones of the Vaila formation show a systematic decrease in porosity with depth of 6-8 p.u. per km, which is consistent with estimates made by Sullivan et al. 1999 . At depths of 2.5-3km, these sands may have porosities of only 10-15%, though chemical processes are likely also occurring at these depths. This may mean they are prospective for gas / condensate only (restricting exploration to the NE of the basin where HC generation is gas prone Rock Physics models have been explored which can be used to estimate the effects of changing reservoir/non-reservoir parameters and the magnitude of intrinsic anisotropy that might be expected in the shales. An empirical model has been applied to the reservoir data which can be used to estimate the compressional and shear velocity along with density as a function of shale content and porosity. Importantly, the analysis of the data suggests that whether or not the sands are under-compacted, they have similar, predictable behaviour in Vp/Porosity space (e.g. a sand with 25% porosity at 1.5km depth has similar properties to a sand with the same porosity at 3km depth). Therefore, if we know the uplift, then at a given depth we can estimate the seismic properties of a reservoir and predict the change in its behaviour for different porosities, shale contents and fluid fills. A rock physics model is proposed for the shales of the Vaila formation. This model utilises compaction curves (phie-depth), calibrated to local data to determine the acoustic/elastic properties of the shales as they undergo burial diagenesis. The resulting prediction includes estimation of anisotropic parameters which are known to be important for seismic modelling and interpretation in the West of Shetland (Margesson and Sondergeld, 1999) .
Utilising uplift corrected log data, the depth dependent seismic behaviour of the different lithological end members has been reviewed ( Figure 2 ). The normally compacting brine bearing sandstone reservoirs tend to be consistently acoustically harder than the surrounding shales, however at a depth of 2.5km bml, the brine bearing sandstone trend converges towards the shale trend such that it has very similar acoustic impedance to shale at this depth and exhibits a class II AVO response. These results are broadly consistent with those presented by Smallwood and Kirk (2005) . This may be misinterpreted as a hydrocarbon signature. The under-compacted sandstones previously discussed are consistently and significantly softer than the surrounding shales irrespective of depth (though for these data, these sands are only found over a depth range of 2.7-3.5 km bml). These sands exhibit a class IV AVO response and may become significantly brighter in the presence of hydrocarbon. A normally compacted / 'low' porosity sandstone at the same depth is likely to exhibit a class I to class II AVO when brine or gas bearing respectively. Beware of shale anisotropy which will modify the AVO response of these different cases (Margesson and Sondergeld, 1999) . 
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Conclusions
Construction of a regional database and Integration of data from a range of geo-science disciplines has allowed the construction of a seismic interpretation and modelling framework that can be used both in the identification and de-risking of prospects as well as for reservoir characterisation purposes. 'Dynamic rock physics' modelling incorporating diagenetic (rate dependent) and pressure (effective stress) components allows the prediction of rock properties for an array of geological scenarios (deep burial, over-pressure, uplift etc) . Analysis has highlighted the potential for mis-interpretation of the seismic signature of reservoirs at various present day burial depths and offered additional explanations and mechanisms as to why these effects may be occurring.
